The effects of Cissus quadrangularis Linn. extract on antioxidation and tyrosinase inhibition were investigated. The extract showed anti-oxidative activity with an IC 50 value of 522.0 μg/mL, and inhibitory effects on tyrosinase activity and melanin production in B16 melanocytes in a dose-dependent manner (100-2000 μg/mL). This study suggests that this species contains anti-tyrosinase components.
Cissus quadrangularis Linn., commonly known as Veldt Grape, Winged Tree-bine or Devil's Backbone, is a plant native to India and Sri Lanka and indigenous to Asia and Africa. It has been used in various Ayurvedic medicines to heal broken bones and injured ligaments and tendons. It is also known to have antibacterial, antifungal, antioxidant, anthelmintic, antihemorrhoidal and analgesic activities [1] . Since C. quadrangularis is effective for the management of obesity and complications associated with metabolic syndrome [2] , as well as antioxidant and free radical scavenging activity in vitro [3] , it is receiving attention as a novel function of this traditionally used medicinal plant.
Skin hyperpigmentation disorders due to abnormal melanin production cause both clinical and cosmetic problems. Tyrosinase is a rate-limiting enzyme in melanin synthesis; therefore, chemical and natural products that suppress the activity and expression of tyrosinase could be pharmaceutically and cosmetically beneficial as hypopigmenting agents. Although C. quadrangularis has shown antioxidative and anti-inflammatory effects [3] , few studies have focused on its biological effects on tyrosinase inhibition. Consequently, the objective of the present work was to determine the effects of C. quadrangularis extracts on tyrosinase activity. First, we analyzed the anti-oxidant activity of α-tocopheryl and C. quadrangularis extract with Radical Catch. The IC 50 value of the extract was 522.0 μg/mL, whereas that of α-tocopheryl was 3.11 μg/mL. Thus, C. quadrangularis extract has significant anti-oxidant activity (5.96 mg α-tocopheryl/g). Next, we examined the effects of the extract on melanin production. Figure 1A shows that melanin production was inhibited by the C. quadrangularis extract in a dose-dependent manner. We also analyzed the inhibition of tyrosinase activity in αMSH-stimulated and -unstimulated B16 melanoma cells to assess its inhibitory potential against tyrosinase at the cellular level. As shown in Figure 1B , tyrosinase activity in both αMSH-stimulated and -unstimulated B16 melanoma cells was inhibited by the extract in a dose-dependent manner. These results suggest that C. quadrangularis extract decreases melanin production by inhibiting tyrosinase activity. In this study, we found that C. quadrangularis had significant antioxidative and anti-tyrosinase activity. Reactive oxygen species (ROS), generated by, for example, UV light, regulate melanocyte proliferation and melanogenesis [4] . Moreover, tyrosinase, which is a rate-limiting enzyme for melanogenesis, catalyzes the production of melanin and other pigments from tyrosine by oxidation. Therefore, both anti-oxidative and anti-tyrosinase activity of C. quadrangularis have anti-melanogenic effects and are beneficial as hypopigmenting agents. The protective effects of the species against oxidation and tyrosinase may be attributed to its free radical scavenging and reducing activities. These activities are closely correlated with its polyphenolic constituents. Other unknown active components could also play critical roles in its biological effects. These unknown components will be identified in future studies.
In conclusion, we showed that C. quadrangularis can reduce melanin formation in melanocytes via the inhibition of tyrosinase, a key enzyme in melanogenesis with antioxidant capacities. This is the first report about the effect of this species on melanin production. These results suggest that C. quadrangularis contains anti-tyrosinase components that could be lead compounds for developing effective reagents for anti-melanogenic cosmetics and drugs. Further studies are required to investigate the active constituents responsible for such activity.
Experimental
Preparation of the extract of Cissus quadrangularis: Fresh Cissus quadrangularis plants were obtained from Nakhon Ratchasima province, Thailand. The identity of this plant was confirmed by comparison with a voucher specimen at the Herbarium of the Royal Forest Department of Thailand. C. quadrangularis extracts were prepared by grinding the fresh plants in 95% ethanol using an electrical grinder prior to filtering the mixture through filter paper. The extract was then concentrated under vacuum in a rotary evaporator. The concentrated mixture was then frozen and lyophilized using a freeze drier. The dried powder was stored at -80C until use.
Cell culture: A murine melanoma cell line, B16, was obtained from RIKEN Cell Bank (Tsukuba, Japan) and cultured in Dulbecco's modified Eagle's medium containing 10% fetal bovine serum, 100 U/mL penicillin, and 0.1 μg/mL streptomycin at 37°C in a humidified atmosphere consisting of 95% air and 5% CO 2 .
Determination of anti-oxidant activity: Anti-oxidant potential was measured with Radical Catch (Hitachi-Aloka Medical, Tokyo, Japan), based on the hydrogen peroxide luminol-dependent chemiluminescence reaction method [5] . Briefly, different concentrations of C. quadrangularis extract were added to Radical Catch medium and luminescence activity was measured with an AccuFLEXLumi400 luminometer (Hitachi-Aloka Medical, Tokyo, Japan). α-Tocopherol (Sigma, St. Louis, MO) was used as the positive control. Half-maximal inhibitory concentration (IC 50 ) was calculated using the program supplied with the AccuFLEXLumi400.
B16 melanocyte tyrosinase assay: Tyrosinase activity was assayed as DOPA oxidase activity using the method described previously [5] . The B16 murine melanoma cell line (5 x 10 4 /mL) was cultured in the presence or absence of αMSH (100 nM; Sigma, St. Louis, MO) and C. quadrangularis extract for 3 days. The cells were washed twice with ice-cold phosphate-buffered saline (PBS) and lysed with 20 mM Tris-0.1% Triton X-100 (pH 7.5). The concentration of dopachrome in the reaction mixture was measured with an ELISA plate reader (Multiskan; Thermo Electron, Vantaa, Finland) at 475nm. The reaction mixture, containing 140 μL of freshly prepared substrate solution [0.1% L-DOPA in 0.1M sodium phosphate (pH 6.0)] and 70 μL enzyme solution, was incubated at 37°C. The change in absorbance was measured for the first 2 h of the reaction (i.e. while the increase in absorbance was linear). The values were normalized against the protein content of the samples. The protein concentration was determined by the Bradford method using a commercial kit (Bio-Rad Laboratories, Hercules, CA).
Melanin content: Melanin contents were measured using a modified method of Bilodeau et al. [5, 6] . In brief, B16 cells (5 x 10 4 /mL) were plated on 24-well dishes and incubated for 5 days with C. quadrangularis extract at a concentration of 0-2000 μg/mL. To determine the melanin content of the cells, B16 cells were washed with PBS and then lysed with 20 mM Tris-0.1% Triton X-100 (pH 7.5). After centrifugation at 12,000×g for 5 min at 4°C, the pellet was dissolved in 1N NaOH for 1 h at 60°C. The absorbance was then measured with an ELISA plate reader (Multiskan) at 405 nm. The amount of cellular melanin was corrected against the protein content of the samples, which was determined using the Bradford method.
